A growing body of work shows that climate change is the cause of a number of directional shifts in the spring phenology of migratory birds. However, changes in autumn phenology are well studied and their consistency across species, as well as their link with population trends, remains uncertain. We investigate changes in the autumn migration dates of 11 species of soaring birds over the Strait of Gibraltar over a 16-year period. Using models corrected for phylogeny, we assessed whether ecological and morphological characteristics, as well as population trends, account for interspecific shifts in migration times. We recorded different phenological changes in different periods of the migration season and suggest that these differences are due to age-dependent responses. The variable best predicting advances in migration dates was population trend: species that did not advance their autumn migration dates were those showing a decline in their European breeding populations. We repeated our tests on a dataset representing the migration date of soaring birds across the Pyrenees Mountains and found that population trends at this site also predicted phenological shifts. Our results suggest that flexibility in migratory strategy and population trends may be related, such that different adaptive capacity in migration timing may be more relevant than other ecological traits in determining the conservation status of migratory birds in Europe and perhaps other regions.
A growing body of work shows that climate change is the cause of a number of directional shifts in the spring phenology of migratory birds. However, changes in autumn phenology are well studied and their consistency across species, as well as their link with population trends, remains uncertain. We investigate changes in the autumn migration dates of 11 species of soaring birds over the Strait of Gibraltar over a 16-year period. Using models corrected for phylogeny, we assessed whether ecological and morphological characteristics, as well as population trends, account for interspecific shifts in migration times. We recorded different phenological changes in different periods of the migration season and suggest that these differences are due to age-dependent responses. The variable best predicting advances in migration dates was population trend: species that did not advance their autumn migration dates were those showing a decline in their European breeding populations. We repeated our tests on a dataset representing the migration date of soaring birds across the Pyrenees Mountains and found that population trends at this site also predicted phenological shifts. Our results suggest that flexibility in migratory strategy and population trends may be related, such that different adaptive capacity in migration timing may be more relevant than other ecological traits in determining the conservation status of migratory birds in Europe and perhaps other regions.
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In recent decades spring events such as flowering, leaf appearance and insect emergence have been occurring earlier as a result of climate change (e.g. Parmesan & Yohe 2003) . This leads to a mismatch between timing of breeding and timing of peak prey availability for many migratory bird species (Both 2007) and is imposing strong selective pressure on their optimal arrival dates at breeding territories (Kokko 1999 , Møller 2007 , Gienapp et al. 2008 . To cope with this new environment, changes in migratory behaviour under the influence of climate change have become evident in populations of a wide range of bird species at many sites in the Northern Hemisphere (Both & Marvelde 2007 , Knudsen et al. 2011 . Among these changes, shifts in arrival and departure dates have been detected in many migratory species (Fiedler et al. 2004 , Schaefer et al. 2008 , Visser et al. 2009 , Knudsen et al. 2011 . Earlier spring arrival dates of long-distance European migrants have been reported in response to climate change (Gordo 2007) . However, studies predicting the direction and magnitude of changes experienced in autumn migration timing are less clear, with some species advancing and others delaying their *Corresponding author. Email: panucciomichele@gmail.com autumn migration (Jenni & K ery 2003 , Lehikoinen et al. 2004 , Filippi-Codaccioni et al. 2010 , Jaffr e et al. 2013 .
Most studies assessing phenological shifts have focused on small, short-lived birds (primarily passerines) as model species (Jenni & K ery 2003 , Jonz en et al. 2006 , Tøttrup et al. 2006 , Rubolini et al. 2007 , Knudsen et al. 2011 . Our understanding of the effects of climate change on soaring birds remains largely unexplored (Filippi-Codaccioni et al. 2010 , Jaffr e et al. 2013 , Mart ın et al. 2014 and phenological changes in soaring birds have rarely been studied in detail (but see Filippi-Codaccioni et al. 2010 , Jaffr e et al. 2013 . Species-specific characteristics related to general ecology and life-history traits are important factors that may mediate the impact of climate change and its effects on the timing in response of migration (Jenni & K ery 2003) , and may explain interspecific differences in response to climate change (Rubolini et al. 2007) . Whereas short-distance migrants can, when necessary, adjust migration timing to regional weather conditions at their destination (Miller-Rushing et al. 2008 , Visser et al. 2009 , Jaffr e et al. 2013 , long-distance migrants are considered to be constrained by endogenous factors (Gwinner 1996) , as they are probably unaware of conditions in the arrival areas (Lehikoinen et al. 2004) . However, the migration timing of some long-distance migrants may not be as constrained as previously thought (Both 2007 , Scholer et al. 2016 . As long-lived species, soaring birds are expected to be able to learn (Sergio et al. 2014 ) and therefore they might be able to adjust their behaviour as a result of prevailing conditions to a greater extent than smaller birds with a shorter life expectancy.
In this study, we relied on a long-term dataset (16 years; Møller & Fiedler 2010 ) of visually detected migrants recorded during autumn at the Strait of Gibraltar. We assessed shifts in migratory dates of raptors and storks passing across the western African-Palaearctic flyway and assessed whether the shifts were species-specific. Furthermore, we assessed whether variability in ecological, behavioural, morphological and life-history traits, as well as European-scale population trends, predicted intra-specific differences in the shift of the migratory dates. The possibility that different phases of migration (onset, midpoint and end) had different phenological shifts was also considered, as well as the possibility that individuals belonging to different age or sex classes might shift their migratory dates differently. Together with the data collected at the Strait of Gibraltar, we analysed phenological shifts at an additional focal site along the western migration route in the Western Palaearctic at Organbidexka, France (Porter & Beaman 1985 , Finlayson 1992 , Filippi-Codaccioni et al. 2010 , to check for the consistency of the factors affecting phenological shifts along the same flyway.
METHODS

Study area and data collection
The Strait of Gibraltar in southern Europe and northern Africa is the main bottleneck where raptors and storks breeding in western Europe are funnelled to cross the Mediterranean Sea during migration (Finlayson 1992 , Hake et al. 2003 , Meyburg et al. 2004 , Limiñana et al. 2007 , Programa Migres 2009 , Klaassen et al. 2010 , Panuccio et al. 2014 . We used a dataset comprising 16 years of autumn migration counts covering the period 1999-2014. For all years, counts were conducted with a standardized protocol during the post-breeding migration from mid-July to mid-October (Mart ın et al. 2016a,b,) . For each bird visually detected, we assigned cardinal values to define their direction of origin and destination. We only included individuals in analyses where they were assigned a southern trajectory (i.e. indicating they were attempting to cross the Strait) to minimize the possibility of overestimating the number of birds migrating. Counts were not conducted on days with persistent precipitation or when wind speeds exceeded 6 on the Beaufort scale. Two coastal watchpoints were used simultaneously: Algarrobo (36°5 0 25 00 N, 5°29 0 02 00 W) which is situated near the town of Algeciras, and Cazalla (36°1 0 58 00 N, 5°34 0 36 00 W) located closer to the Atlantic (Fig. 1 ). To reach statistically representative samples at the specific level, we limited our analyses to the set of species with the highest autumn migration counts through the Strait (Programa Migres 2009), ultimately including nine species of Accipitriformes and two species of storks. Most of the species considered are long-distance migrants and, with the exception of a small proportion of individuals that winter in Morocco, birds crossing the Strait of Gibraltar are expected to spend the winter in sub-Saharan Africa (Ferguson-Lees & Christie 2001) . The average annual count (AE se) over the study period was 259.381 AE 15.161 individuals across all the species investigated here.
Statistical analysis
Quantile regression
In studies assessing changes in bird migratory phenology, the use of first appearance dates as response variables has attracted criticism (MillerRushing et al. 2008) . Moreover, it is known that our set of species may show a bimodal peak of migratory passage, due to differential timing of individuals belonging to different populations and/ or different age and sex classes (Finlayson 1992) . We therefore used quantile regression (QR) to study the shift of different phases of migration (Cade & Noon 2003) . In QR analyses, the dataset consists of counts of birds associated with a given (Julian) date. QR is a particular type of regression analysis that results in estimates that approximate the conditional median and other quantiles (instead of the conditional mean as in the traditional regression analysis) of the response variable given certain values of the predictor variables. This is done by minimizing a sum of weighted absolute errors rather than the sum of squared errors. In particular, QR allows heterogeneity in the error distribution fitting a specific regression quantile by minimizing a sum of weighted absolute errors. This makes it attractive for modelling the timing of bird migration in which different quantiles may represent different population segments (Knudsen et al. 2007) . As a final output, QR coefficients provide for each percentile a measure of the estimation of the yearly rate of change during the considered time period (Cade & Noon 2003 , Tøttrup et al. 2006 .
We tested for the presence of significant phenological shifts in the 10th, 50th and 90th percentiles of the migratory passage, with the aim of accounting for possible intra-specific differences in the phenological shift (Lehikoinen et al. 2004 , Møller & Meril€ a 2004 , Knudsen et al. 2007 , Filippi-Codaccioni et al. 2010 . Non-reproductive individuals and failed breeders tend to leave their summer ranges earlier than successful breeders (Newton 2008 ) and nonbreeders contain a greater proportion of immature birds (Newton 1979) . We considered the 10th quantile to be representative of the passage of immature (2nd and 3rd calendar year birds) and non-breeding adult individuals. The central part of migration (i.e. median or 50th quantile) was assumed to be the value of the main migratory flow (Filippi-Codaccioni et al. 2010) and to be representative of the behaviour of the bulk of the breeding adult cohort. The 90th quantile was assumed to be representative of the migratory date of the later individuals, which in many species of birds are almost exclusively juveniles on their first migration (Kjell en 1992).
For most of the species studied, this association of age classes with different timing of migration was consistent with field observations (Programa Migres 2009). However, this phenological pattern is different for a few of the studied species, including juvenile White Storks Ciconia ciconia, and Eurasian Sparrowhawks Accipiter nisus, which migrate ahead of adults (Kjell en 1992 , Fern andez-Cruz 2005 . To investigate species-specific shifts in phenology (i.e. QR coefficients) we used variables related to the ecological and life-history traits in linear regression models where the regression coefficients from the QR analysis were used as dependent variables.
Predictors of phenological shifts
We selected a set of ecological, morphological, abundance and life-history traits as predictors that may affect the phenological shift of autumn migration.
Breeding population trends (ordered categorical variable) were obtained from estimates of European population trends of breeding birds during 1990-2000 using an assessment by BirdLife International (2004) on a 7-point scale, from large decline (À3) to large increase (+3).
The trend of migration counts (continuous variable) was measured as the slope of regression models fitted to the time series of each species' count data. Based on the observed linear patterns of counts over time, we used linear regression using annual counts as the dependent variable. A Shapiro-Wilk test was run prior to regression to check for normal distribution of data (Fowler & Cohen 1992) and the validity of the linear adjustment; data were all normally distributed. Migration counts reflect not only trends in the numbers of breeding birds but also in the numbers of immature and floater non-breeding individuals. We considered this trend in the analysis to evaluate a possible relationship between recent overall population trends (breeding and non-breeding individuals) with the shifts in phenology.
Breeding population size (continuous variable) was taken as the European breeding population size estimates for each species from BirdLife International (2004) . Larger populations may give rise to a larger number of heterozygous loci, which may facilitate phenological response to climate change (Møller et al. 2008) .
Northernmost breeding latitude (continuous variable) was measured from the EBCC atlas of European breeding birds (Hagemeijer & Blair 1997) . Timing of migration is affected by the latitudinal location of the breeding population. We included this variable in order to look for differences related to the different breeding spatial range among species.
Body mass (continuous variable) was taken from Bruderer and Boldt (2001) .
Mean clutch size (continuous variable) was taken from Cramp and Simmons (1980) and Ferguson-Lees and Christie (2001) .
Duration of the breeding period (continuous variable) was taken as the number of days typically required for successful breeding from egg-laying to fledging (from Cramp & Simmons 1980 , FergusonLees & Christie 2001 .
Generation length (continuous variable) was considered a proxy for life expectancy. Generation length was defined, according to BirdLife International (2004) , as 'the average age of the parents of the current cohort (i.e. newborn individuals in the population)' and it was calculated as:
where m is the mean age of adult mortality for the species in a stable population and b is the mean age of first reproduction in a stable population.
Habitat specialization (categorical variable) was taken as the degree of ecological specialization from appendix 4 of BirdLife International (2004) according to the Tucker and Evans (1997) classification. We assigned a value of 1 to species that are strictly linked to a particular habitat and a value of 0 to species living in more than one type of habitat. We predict that specialist species would be less prone to change their passage dates than would be more generalist species with greater adaptive and/or plastic capabilities (Begon et al. 2006 ).
Phylogenetic models
We built a phylogenetic tree representing the evolutionary relationships among the set of 11 species following the suggestions of Rubolini et al. (2015) . Specifically, we downloaded 3000 trees from birdtree.org based on the Hackett full dataset (Jetz et al. 2012) and computed a consensus tree over this set of phylogenies using the script given in Rubolini et al. (2015) for the library DendroPy of Python (Sukumaran & Holder 2010) . This script computes a consensus based on the 50% majority rule and calculates mean branch lengths. The final tree is represented in Fig. S1 . Successively, we ran phylogenetically corrected linear models to test whether any of the above-mentioned factors influenced the phenological shift of the autumn migration in the 11 species. For this analysis we used the package phylolm (Ho & An e 2014) for R 3.1.2 (R Development Core Team 2006), with Pagel's lambda as the evolutionary model (see phylolm manual for details). We used the variance inflation factor (library HH for R 3.1.2, Heiberger 2015) to test for collinearity of the predictors entered simultaneously in the statistical models. We excluded clutch size from the predictor set because of its collinearity with other factors. Finally, for each of the three quantiles (10th, 50th and 90th), we calculated all of the 64 possible combinations of models using the set of the remaining six predictors. We ordered these by increasing the adjusted Akaike information criterion (AICc) value, and retained as the best supported models those with DAICc less than 2 (IT approach; Symonds & Moussalli 2011) . In cases where more than a single model was selected following this procedure (those with DAICc < 2), we reported and considered in the results the entire set of equivalent models.
Pyrenees meta-analysis
We performed analogous phylogenetically corrected analyses for the species reported by FilippiCodaccioni et al. (2010) using the same predictors as above and, as a dependent variable, the phenological shift corresponding to the 50th percentile reported from the Organbidexka watchsite between 1981 and 2008 by Filippi-Codaccioni et al. (2010) . Because the set of species studied by Filippi-Codaccioni et al. (2010) differs slightly from that used in our main analyses, we computed a specific phylogenetic tree to run this test following the procedure described above (Fig. S2) .
RESULTS
Autumn migratory dates across the Strait of Gibraltar shifted significantly in ways that varied in magnitude and direction among migration phases and species. As a general pattern, there was a greater shift in the early phases compared with the late phases of the migration (Fig. 2) . Specifically, there was a significant and consistent advance in autumn migration dates for all the migration phases (10th, 50th and 90th quantiles) of Montagu's Harrier Circus pygargus and Eurasian Sparrowhawk. We also identified significant advances in migration dates in the 10th and 50th quantiles for Western Marsh Harrier Circus aeruginosus and Booted Eagle Hieraaetus pennatus. In contrast, there was stability in the migration dates of European Honey Buzzard Pernis apivorus for all migration phases assessed. Shifts in the timing of migration in the remaining species were not consistent among migration phases, with some phases advancing, others keeping stable, and others even showing later passage dates (Fig. 2, Table S1 ).
Phylogenetically corrected linear models showed that population trend was the main variable related to the variation in phenological shifts of autumn migration. In general, species that experienced the largest positive population trends over the last decades showed the greatest advances in their autumn migratory dates (Table 1, Table S2 ). This effect emerged as being the only factor retained in the best-selected model for the bulk of the migration (50th quantile). Population trend had a less important but also significant effect at the beginning (10th quartile) and at the tail end (90th quartile) of the migration distribution. We found a significant effect of migration counts on the 10th quantile (the most abundant species advanced the earliest), which became significant only if considered in association with population trend. Moreover, there was a non-significant positive effect of body mass on phenology for the same quantile (smaller species advanced the most). Other factors such as length of the breeding season, northernmost breeding latitude and habitat specialism had no major effect on the interspecific variation of phenological shift of migratory dates.
Pyrenees meta-analysis
The phylogenetically corrected analyses on the Pyrenees dataset showed that the studied species exhibiting a positive population trends in 1990-2000 also tended to advance their autumn migratory date through the Pyrenees at a greater rate (Fig. 3, Table 2 ), although this relationship was not statistically significant (Table S2 ). For the Pyrene es, in contrast to what we observed at the Strait, the best predictor of the observed phenological advancement was the trend in migration counts, so that species for which populations increased most during the study period also showed the greatest advance in their autumn migratory date (Table 2) .
DISCUSSION
Our results showed that species of soaring birds migrating across the Strait of Gibraltar have, in general, advanced their autumn central migration dates over the last 16 years. These results are in agreement with the observed advance of autumn migration passage dates of long-distance migrating raptors in the Pyrenees (Filippi-Codaccioni et al. 2010) . Therefore, our findings support the existence of a rapid response to climate change through shifts in the migration phenology of long-distance migrants and long-lived soaring birds such as raptors and storks (Scholer et al. 2016) . Different rates of change in migration dates were related to population trends at the continental scale rather than to any ecological or behavioural dissimilarity between species.
In accordance with previous studies, the longdistance migrant species reported here have advanced their autumn migration in recent decades, possibly as a consequence of earlier spring arrival (Jenni & K ery 2003 , Filippi-Codaccioni et al. 2010 , Jaffr e et al. 2013 . Not only is earlier arrival in spring advantageous for migratory birds, it also appears to be advantageous to arrive early on the wintering grounds, particularly for adult individuals, allowing them to choose the best wintering territories and to be more rapidly ready for the subsequent breeding attempt (Kjell en 1992). In addition, earlier departures allow migratory birds to reach the Sahel before the seasonal dry period (Jenni & K ery 2003 , Zwarts et al. 2009 ).
Our results show that advances in migration were generalized across species in the earlier phases of migration, whereas the direction of the shifts was less pronounced in later phases. Autumn phenologies of many long-distance species of migratory raptors usually show a higher percentage of Table 1 . Model selection of the phylogenetically corrected linear models testing the factors affecting interspecific variation of the migratory phenology of soaring birds at the Strait of Gibraltar between 1999 and 2014. Factors considered were: population trend (POPTREND); length of the breeding season (BREED_LENGTH); trends of migration counts (COUNTS); northernmost breeding latitudes (NORTH_LAT); body mass (MASS) and habitat specialism (SPECIALIST). For each phase of the migration, expressed by the different quantiles (Q), the set of the equivalent best models as well as the first excluded model are presented. Model parameters are shown in Table S1 . (Fern andez-Cruz 2005) . Thus, our results suggest that the migration of juvenile individuals, mainly at the end of the migratory period, shows more stable phenological trends than that of adults and non-reproductive individuals, which comprise the bulk of birds in the early and middle phases of migration. Adult birds are potential breeding individuals and are therefore more constrained by the timing of breeding and are probably most in need of adjusting their timing to climate change. Among adult birds, the first part of migration is expected to include a higher percentage of non-reproductive individuals (Newton 2008) . Non-breeding birds that are not constrained by the time of breeding may leave summer territories earlier than individuals that were successful in reproduction (Alerstam 1990 ) and take advantage of reaching their wintering grounds earlier (see above). On the other hand, juvenile birds undertaking their first migration cannot adjust their migration dates because they are inexperienced and are pushed south by the changing photoperiod, but also because they need to fledge and gain strength before starting the migration (Newton 2008 ). This age-dependent behaviour may explain why individuals moving at the end of the migration period (most probably juvenile birds) showed more stable phenological trends or even delays in the dates of passage. Overall, migration shifts in relation to climate change appear to vary among migration phases, indicating different responses to different ecological pressures for different groups of individuals (i.e. age classes and/or breeding populations). According to our results, the migration of small body-sized species is probably more sensitive to climate change. It is known that birds with larger body size have lower metabolic rates and store more energy per unit of body weight, increasing their survival rates during adverse conditions (Newton 1998) . Larger body size is also, in most cases, an indicator of greater fat reserves. Thus, species with smaller body mass may be more conditioned by temperature than larger birds are, because of the difference in thermoregulatory costs (Dunn 2004 , Cox 2010 . From this perspective, smaller species could be forced to respond more rapidly to climate change compared with largersized birds. Our results confirm previous findings (Møller et al. 2008 ) that species of birds that are responding to climate change by changing their migratory dates are not declining, whereas species without shifts in their migration timing show a decline of their breeding populations in Europe. Using the same methodology, reanalysis of long-term migratory date changes of soaring birds in the Pyrenees confirms the negative relationship between population trend and magnitude of autumn phenological shift.
At both Gibraltar (only in the early phase) and the Pyrenees, trends in the number of counted raptors at the site influenced dates of migration. Raptor counts show great season-to-season variability that is often intrinsic to the migration itself, being influenced by factors such as weather conditions at the site and along the flyway (Bildstein et al. 2007 , Miller et al. 2016 , Scholer et al. 2016 .
Changing migratory dates as a result of phenotypic plasticity
Most of the birds considered here are long-lived species and our study period is only 16 years (Cramp & Simmons 1980) . As rates of adaptive evolution may be very slow in long-lived organisms with overlapping generations (Pulido & Berthold 2004 , 2010 , we can predict that this change in behaviour is unlikely to be the result of genotypic changes. Thus, birds facing short-term environmental changes could adjust their ecological behaviour through phenotypic plasticity that would allow individuals to cope with a changing environment (Nussey et al. 2007 , Pulido 2007 , Jaffr e et al. 2013 , Scholer et al. 2016 . While evidence for genetic adaptation to climate change is found in some systems, demonstrated examples of genetic adaptation are still scarce (Charmantier & Gienapp 2014 , Meril€ a & Hendry 2014 . Few papers are available for the comparison of genetic and behavioural features in explaining the migratory tendency of birds. However, theoretical models suggest a major contribution of phenotypic plasticity in determining changes of migratory behaviour in long-lived non-passerines (Ogonowski & Conway 2009 , Morganti 2015 and it is assumed to be enough to explain the shifts in timing (Charmantier et al. 2008 , Knudsen et al. 2011 ).
In our case study, the later part of migration (during which higher percentages of juveniles migrate) is in general more stable. Experienced individuals differ from juveniles that are pushed south, possibly by endogenous rhythms (Gwinner 1996 , Dawson et al. 2001 , Mart ın et al. 2016a . Older individuals often use their previous experience during migration by showing orientation and navigational abilities and perhaps also adjusting their timing according to previous experiences (Newton 2008 , Sergio et al. 2014 . It has been observed that under strong selective pressure, passerines could shift the onset of the autumn migration in only two generations due to genetic changes (Pulido & Berthold 2004 , 2010 . However, the relative stability of the migration dates of juveniles (90th quantile) which migrate, in most cases, without following adults, is a further suggestion that the observed phenological changes are not the result of a micro-evolutionary process.
CONCLUSIONS
Our results confirm that long-lived bird species that are changing their migratory dates are those showing positive population trends. Within populations, adult breeding birds are the most constrained in terms of migration timing because of the breeding costs. On the other hand, adult breeding birds may gain the greatest advantage of an earlier departure from the breeding areas and, consequently, of an earlier arrival to the wintering grounds. As the species studied here were mostly long-lived birds, we suggest that the rapid changes observed in the 
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